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Abstract Due to frequent clinical reports on chipping of the veneering ceramic applied on 
zirconia frameworks, non-veneered monolithic zirconia has been proposed in an attempt 
to improve the lifetime of metal-free fixed dental prostheses (FDPs). The lack of 
veneering ceramic in monolithic solutions yields to less favourable optical outcome and 
decreased mechanical stability. Efforts are being made to improve translucency of 
monolithic zirconia through modifying the grain size, increasing cubic phase, and 
decreasing alumina content, final density and level of impurities. This review highlights 
the effects of microstructure and chemical composition on optical properties and 
mechanical properties of monolithic zirconia that may be detrimental on the longevity of 
FDPs and the antagonist dentition. Current knowledge indicates that there is still room for 
improvement in the microstructure of monolithic zirconia ceramics to achieve better 
optical results, low antagonist wear, without jeopardizing its mechanical properties. 
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Introduction 
Yttria-stabilized tetragonal zirconia polycrystal (Y-TZP; hereafter: zirconia) has been 
indicated as a reconstruction material in dentistry since 1990's [1]. Initially, the use of 
zirconia was restricted to the production of frameworks of metal-free fixed dental 
prosthesis (FDP). However, soon after its implementation in dentistry, numerous studies 
reported high incidence of clinical chipping of the corresponding veneering ceramic [2,3]. 
Therefore, in order to circumvent veneering ceramic chipping, which was often 
irreparable and needed replacement of the FDP, other solutions have been proposed 
[4,5]. One of these solutions involved slow cooling of the veneer/zirconia bilayer after the 
final sintering cycle of the veneering ceramic which is usually the glaze cycle [6]. This 
procedure was meant to avoid the critical residual thermal stress accumulation within the 
veneering layer, yielding to ceramic chipping. Despite the promising results obtained in 
vitro with the proposed solution, chipping problem could not be entirely eliminated 
clinically. Thus, the overall success of zirconia FDPs seemed only feasible with the 
complete elimination of the veneering ceramic in that the FDP would be constructed from 
monolithic (full-contour) zirconia. 
Monolithic zirconia became available for clinical use in 2011 [7,8] with the expectation 
that chipping of veneering ceramic would be avoided. The early monolithic zirconia 
materials were optically not satisfactory due to the inherent low translucency of this type 
of ceramic and therefore, their use was restricted to the posterior region, where the 
aesthetic demand is not high [8,9]. With the advances in material processing and 
sintering, recently, more translucent monolithic zirconia ceramics became available. Yet, 
some concerns exist regarding their longevity [9,10].  
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Microstructure and optical properties 
The principal differences between conventionally veneered zirconia and that of monolithic 
ones is the material microstructure and chemical composition. Optical properties of 
zirconia are typically dictated by the amount of sintering additives in the material 
composition [11]. Sintering additives, often metal oxides, result in different structural 
phases, consequently affecting the refractive indices of zirconia and increasing light 
scattering [12]. When light scattering is intense; the incident light beam is highly diffused, 
resulting in an opaque material.  
The most frequently used additive in zirconia is aluminum oxide, which is responsible 
for hindering the growth of the zirconia crystalline grains during sintering [13]. The 
presence of Alumina in the composition is also associated with the increase in the 
resistance of zirconia to the phenomenon of low temperature degradation (LTD) [14]. A 
smaller amount of alumina (0.1 mass%) is in fact better distributed in the microstructure 
of monolithic zirconia, increasing the translucency as opposed to conventional zirconia, 
which usually contains 0.43 mass% of alumina [15].  
Several other factors could also increase the translucency of polycrystalline ceramic 
materials such as grain size, higher density and reduced number of impurities, flaws and 
porosities [11,16-18]. CAD-CAM processing of zirconia ceramics results frequently in 
final reconstructions with high density with very low levels of impurities, flaws and 
porosities. However, controlling the size of the crystalline grain is still considered a 
challenge to material manufacturers [19].  
A commonly used technique to increase the translucency of polycrystalline alumina 
ceramics is to increase the size of the crystalline grain within the material microstructure 
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[20]. Ceramics with larger grain size yields to decreased number of granular borders and 
therefore less light scattering through the material. Unfortunately, such a technique could 
not be applied for zirconia since the presence of larger grains in this ceramic results in 
significant decrease in mechanical properties and stability of the tetragonal phase that in 
turn increases the incidence of LTD phenomenon [21].  
More recently, in an attempt to increase the translucency of zirconia, reducing the size 
of the crystalline grains has been proposed [18].	Such an approach is essentially based 
on the premise that the crystalline grain should be reduced down to scale at which the 
influence of the birefringence phenomenon could be attenuated, resulting in a less 
opaque material [17].	 Birefringence occurs due to the presence of high amount of 
tetragonal crystalline phase (>90%) in zirconia. In fact, tetragonal crystals have different 
refractive indices according to their spatial orientation in the microstructure. Thus, such 
anisotropic behavior causes the light to undergo significant scattering when passing 
through zirconia. Previous studies have reported that reduction of the crystalline grain 
size could yield to significant mitigation of the birefringence phenomenon in anisotropic 
structures with subsequent increase in translucency of the material [17,18]. 
Unfortunately, to date, no ideal mathematical model exists to study the possible effects 
of grain size reduction that could eliminate the birefringence of the tetragonal crystals of 
zirconia. However, it is anticipated that in order to obtain translucency values close to 
that of feldspathic porcelain, zirconia crystalline grain size should have a mean diameter 
close to 120 nm [17]. Currently, it is not possible to obtain zirconia ceramic blocks with 
such a grain diameter using conventional sintering furnaces. Nevertheless, it could be 
stated that the reduction in the dimensions of the grains in monolithic zirconia along with 
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the reduction of sintering additives in the composition would result in significant 
improvements in the translucency of the monolithic zirconia [15,22].  
One other important aspect is studying the translucency parameter defined as the color 
difference measured for a certain material in two different scenarios namely, when placed 
either on a white or a black background [22].	In order to calculate the difference between 
the two backgrounds, the color parameters of the given material need to be measured 
based on the light reflected by the specimen when placed on different backgrounds. 
When a material has high opacity, the colour difference would be very small indicating 
that the material has high masking ability when placed over dark substrates. On the other 
hand, a material that shows high color difference when placed on different backgrounds 
is considered more translucent. Therefore, higher translucency parameter values are 
usually found for monolithic zirconia in comparison to the conventional ones [15]. 
In recent monolithic zirconia ceramics, tetragonal and cubic zirconia grains are being 
coupled within the same microstructure. Such materials could not be referred as Y-TZP 
due to the significant amount of cubic zirconia (>25%) in their composition [23,24]. 
Monolithic reconstructions containing cubic zirconia phase have certainly higher 
translucency than conventional zirconia since the material contains regions with isotropic 
refraction index. In fact, less light scattering is anticipated in cubic zirconia, as the 
refractive index is independent of the crystalline orientation of the grains [24]. 
Consequently, the birefringence phenomenon associated with the remaining tetragonal 
grains would be attenuated throughout the material. It is crucial to note that cubic zirconia 
grains would increase translucency but at the same time they would promote a significant 
decrease in the mechanical properties of translucent monolithic zirconia compared to 
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those of the conventional ones [25]. Although the achieved optical properties for 
monolithic zirconia could be sufficient for various indications, further improvements are 
still needed in order to achieve better aesthetics in the anterior region. For this reason, 
monolithic zirconia FDPs are still being glazed with a low fusing glaze ceramic that 
contains coloured oxides [8]. 
Mechanical properties of monolithic zirconia 
Flexural strength, fracture toughness and hardness are some of the parameters used for 
quantifying the mechanical properties of ceramic materials. Due to its flexural strength 
being much higher than those of many other ceramic materials, zirconia has been 
referred as “ceramic steel” [26]. Monolithic zirconia shows higher flexural strength but 
similar fracture toughness compared to conventional veneered zirconia [27], providing 
that these results are derived from static loading conditions without involving fatigue 
parameters (Table 1).  
 
Material 
Flexural Strength 
(MPa) 
Fracture 
toughness 
(MPa.m1/2) 
Hardness 
(GPa) 
Zirconia for FDP frameworks 990 3.63 12.9 
Zirconia for monolithic FDPs 1.416 3.24 13.1 
 
Table 1.  Main mechanical properties of conventional and monolithic zirconia 
used for FDPs [27]. *Data obtained from zirconia produced by Tosoh 
Corporation, Tokyo, Japan. Note that the presented data is only representative 
and large variations could be observed between different brands of zirconia 
products available on the dental market. 
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Among all mechanical parameters, the hardness value of 13.1 could be considered 
considerably high compared to those of dental enamel (~ 3.2 GPa) or feldspathic ceramic 
(~ 4.5 GPa). High hardness values along with other high mechanical properties could 
potentially wear the antagonist tooth or the restorative material. This becomes more of an 
issue when veneering ceramic is eliminated in monolithic reconstructions, leaving 
zirconia in direct contact with the antagonist dentition [28]. Recent research results 
demonstrated that excellent finishing and polishing of zirconia could significantly reduce 
antagonist wear [29,30]. Yet, monolithic zirconia FDP surfaces and their antagonists 
should be periodically monitored to ensure the quality of surface finish and potential wear 
as clinical data are presently limited [31-33]. 
 
Concluding remarks 
Since chipping of veneering ceramic could not be completely eliminated with 
conventional veneered zirconia ceramics, today monolithic zirconia is being considered 
as an alternative. Yet, optimum translucency remains a drawback and manipulation of 
translucency may yield to mechanical impairment in the material that needs to be studied 
in depth prior to their broader clinical indications.  
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